Purpose -The purpose of this paper is to determine the relationship between socioeconomic status (SES) and oral health among Thai adults. Design/methodology/approach -This study is a cross-sectional analytical study using secondary data from the 7th Thailand National Oral Health Survey (2012). Age group 35-44 years old samples were used to represent the working age population. Oral health outcome was determined by untreated dental caries. SES was indicated by income, education and occupational groups. Demographic background, oral health-related behavior and access to dental service were adjusted for analysis. Binary logistic regression analysis was performed to determine the relationship between independent variables and oral health outcome. Findings -People with lower education showed a higher odds ratio for having untreated dental caries before and after controlling for related variables. Those living in the north and northeast, using additional cleaning tools and going to the public provider for dental service also showed better oral health.
Introduction
Oral health is directly related to general health and quality of life [1] . Dental caries is one of the main oral health problems that affect people of all ages [2] . The global prevalence of untreated dental caries in the permanent teeth was about 35 percent, according to data in 2017 [3] .
One of the basic determinants that affect a population's oral health is socioeconomic status (SES). Socioeconomic inequality in oral health is defined as differences in the prevalence or incidence of oral health problems between individual people of higher and lower SES [4] . Environmental and socio-cultural risk factors also relate to oral health with intermediary risk factors such as behavior and oral health services [5] . The lower social classes are at greater risk of illness and mortality compared to their peers in a higher position [6] . Social inequality in oral health is a principal global challenge for improving oral health among populations in spite of attempts to reduce the gap across social hierarchies [5] . However, there are few studies focusing on socioeconomic inequality affecting the oral health status in developing countries including Thailand [7] . Research on inequalities in oral health could help to minimize the gap between the rich and the poor [8] .
The Thailand National Oral Health Survey (TNOHS) is one means of obtaining data on the oral health status, behavior and risk factors of oral diseases in the Thai population [9] . Data from the survey are not only used in building oral health policy and programs, but also used in solving oral health problems at the national level and comparing the oral health condition, behavior and related risk factors with previous surveys at national and international levels. The TNOHS reports provide descriptive data of oral health status and related factors of all age groups and comparison between regions, which represent the oral health status of the Thai population.
This study aims to determine the relationship between the SES and oral health outcome of Thai adults using data from The 7th TNOHS (2012). It would provide more understanding of socio-behavioral determinants related to oral health and benefit policymakers involved in improving the status of oral health in Thailand. The study hypothesis is that:
H1. There is a relationship between SES and oral health among the Thai population.
Methods

Source of data
This study used secondary data from the 7th TNOHS which is a cross-sectional national survey conducted in 2012. A stratified multistage sampling technique was used in the survey. The data collection method for TNOHS included oral examination by licensed dentists and an interview. The oral examination was standardized and calibrated among the survey team following WHO Oral Health Survey Methods [10] . In the survey, index age groups were categorized based on different dentition and oral conditions, risk factors and behavior which varied by age group. There were seven age groups including 3, 5, 12, 15, 35-44, 60-69 and 80-89 years old. The population in this study included all samples from the 35-44 years old age group which represents the working age population. Permission to access and use the data was approved by the Dental Health Bureau, Ministry of Public Health, Thailand.
Socioeconomic variables
Income, education and occupational groups were used as indicators of SES. Income refers to average income per month separated by lower income (0-15,000 baht) and higher income (more than 15,000 baht). Education was indicated by the highest education level completed and was separated into completing primary education or lower and at least secondary education. Occupational groups were categorized as Personal Business, Wage-earner/ freelance, Agriculture, Housekeeper and others.
Oral health variables
Evidence of untreated dental caries was used as an indicator of oral health status. Untreated caries indicates the prevalence of dental caries at the time of the survey. The outcome was categorized by the number of teeth with untreated dental caries which are "0 dental caries" and "1 or more dental caries." 518 JHR
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Other related variables Personal background variables. Personal background variables included age, gender, marital status, area of residence, region of residence and diabetes mellitus condition.
Behavioral variables. Factors related to oral health included individual and environmental factors [11] . Additionally, behavior also determined the social determinants of oral health [12] . Data from TNOHS also provided oral health-related behaviors from the interview including tooth brushing, use of fluoride toothpaste and use of additional cleaning tools. Tooth brushing was categorized into brushing at least two times a day or less than two times a day. Use of fluoride toothpaste was categorized into use or no use of fluoride toothpaste. Use of additional cleaning tools included those who use dental floss or an interdental brush. Smoking status refers to non-smokers and smokers which included former smoker and current smoker.
Access to dental service variables. Access to dental service was determined by the frequency of dental visits in the past year, type of dental service use (public or private provider) and health insurance coverage which include Civil Servant Medical Benefits Scheme (CSMBS), Social Security Scheme (SSS) and Universal Coverage (UC).
Ethical consideration
The study was approved by the Ethics Review Committee for Research Involving Human Research Subjects, Health Science Group, Chulalongkorn University (COA No. 095/2018).
Statistical analysis
Data were analyzed with SPSS Software version 22, using Chulalongkorn University's license. Descriptive analysis was presented in frequency, percentage, for categorical variables and presented in mean and standard deviation for the continuous variable.
The relationship between SES and dental caries was determined by binary logistic regression. Bivariate analysis without controlling for other variables and multivariate analysis with control for different groups of independent variables were performed to assess changes in significance and the coefficient.
Results
A total of 1,518 eligible subjects were included in the study. Distributions of independent and dependent variables are shown in Table I . About fourth-fifths of the population had an average income at 0-15,000 baht per month. Almost 40 percent of the population had completed secondary education with agriculture being the most popular occupation. There were more females than males in this study with about 80.0 percent of them married. Distribution of area and region of residence were distributed according to the sample design. Few people at this age had diabetes. More than 85 percent brushed their teeth twice a day and used fluoride toothpaste, while only 10.7 percent used additional cleaning tools. About 27 percent were current smokers and former smokers. Surprisingly, only 37.7 percent went to the dentist in the past year. More than 70 percent went to a public provider indicating a high percentage of the population with UC coverage. For dental caries status, 35.2 percent of the population presented one or more dental caries. Table II shows the result from binary logistic regression analysis for dental caries age 35-44 years old. All SES variables presented significant effects of having at least one dental caries. Those who were educated to a lower level and had a lower income significantly showed more odds ratio (OR) of having dental caries compared to those at higher levels. In the comparison of occupations, housekeepers had the highest OR of having dental caries,
Bivariate analysis
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Socioeconomic inequality and dental caries followed by wage-earners, business and agriculture employees. The personal background showed no significant OR. Table III shows the multivariate result of SES when controlling for each group of variables. Education obviously showed significant coefficients in all models, while income and occupation did not show any significance. This indicates that people with lower education were more at risk of developing dental caries while other SES variables showed no significant difference in having dental caries. When controlling for two groups of variables at a time in Table IV , only some variables remained significant. In Model 7, where all variables were controlled, education increased the magnitude but decreased at a significant level. Use of additional cleaning tools was a significant advantage across with those who did not use additional cleaning tools showing higher OR than those who did. Furthermore, the north and northeast regions showed lower OR than Bangkok in all models.
Multivariate analysis
Discussion
This study aimed to determine the relationship between SES and oral health outcome among Thai working age adults using data from the 7th TNOHS. Among all three SES variables, lower educated individuals showed a significantly higher risk for dental caries in the 35-44 years adult population as presented in table III and IV. Similar to this study, education also showed the strongest associations with dental outcome in one Spanish study for SES inequality. When assessing the role of potential mediators such as behavioral and psychosocial characteristics, associations did not disappear. When including the three indicators of socioeconomic position in the model, attenuated education and income gradients remained and the occupation-related gradient disappeared [13] . A recent study of the Japanese population also found a higher risk for poor oral health in the lower education group [14] . However, for this study, income and occupational groups did not show significant result like other studies [15] . It might be because of the limited measurement in the survey.
Education could lead to health knowledge and increase cognitive skills for healthpromoting behavior [16] . People with higher education are aware of their health more than those with a lower education level. Better education could also lead to high income and better occupation together with better social capital [17] . The strength of this study is the reliable outcome variable due to actual oral examination and standardization by dentists which is better than using self-reporting or perception methods. Moreover, the sample was drawn from across regions and provinces across Thailand supplying a broad spectrum of the population. Furthermore, WHO methodology used in the survey makes it possible to compare the result and situation with other countries. The limitation of this study is that it is a cross-sectional study which cannot tell the causal relationship. Moreover, the national oral health survey was designed to obtain oral health status of Thai population but not to find relationships between factors. The access to data was limited and the measurement of SES was also a limitation. Some related variables such as diet and knowledge about oral health were also not available in the survey.
Policymakers should focus on people with lower education who have a higher risk of dental caries to improve oral health in disadvantaged groups. Future research should include all related factors in the study including diet. Moreover, future surveys should also include all related factors and knowledge about oral health. Furthermore, oral health outcome is a long-term study that requires data accumulated through a lifetime. Because an individual's behaviors and social class might change over time, it is important to draw attention to this clause too. Performing multilevel analyses or studies of a population's entire life could expand the understanding of the relationship [18] .
Conclusion SES related to dental caries indicates socioeconomic inequality in oral health amongst Thai working age adults. Education was the most significant factor among socioeconomic variables compared to income and occupation. Area of residence, oral health-related behavior and access to dental service also related to oral health. However, this study could not indicate causal relationships and lack of some related variables. Future policy should emphasize support for disadvantaged groups to improve their oral health.
